One of the technological challenges in designing advanced hypersonic aircraft and the next generation of spacecraft is developing reusable flight-weight cryogenic fuel tanks. As an aid in the design and analysis of these cryogenic tanks, a computational fluid dynamics (CFD) model has been developed specifically for the analysis of flow in a cryogenic fuel tank. This model employs the full set of Navier-Stokes equations, except that viscous dissipation is neglected in the energy equation. An explicit finite difference technique in two-dimensional generalized coordinates, approximated to second-order accuracy in both space and time is used. The stiffness resulting from the low Mach number is resolved by using artificial compressibility. The model simulates the transient, two-dimensional draining of a fuel tank cross section. To calculate the slosh wave dynamics the interface between the ullage gas and liquid fuel is modeled as a free surface. Then, experimental data for free convection inside a horizontal cylinder are compared with model results. Finally, cryogenic tank draining calculations are performed with three different wall heat fluxes to demonstrate the effect of wall heat flux on the internal tank flow field.
INTRODUCTION
Developing analytical models for thermodynamic predictions of cryogenic fuel tanks has not received a large amount of attention. However, a number of people have done work in this field. Grayson and Navickas 1 performed an axisymmetric Navier-Stokes analysis of a liquid hydrogen propellant tank. Their analysis treated the cryogenic liquid-pressurization gas interface as a free boundary and therefore the ullage region of the tank was not modeled. Their results show that sloshing is an important factor in predicting tank thermal gradients. Zhou and Graebel 2 developed an axisymmetric model for a cylindrical tank draining process. They used a boundary integral method and assumed the fluid was incompressible and inviscid. Heat transfer was not considered, as they were interested in the free surface motion near the tank drain hole. Several thermodynamic models 3,4,5 have been developed for analyzing cryogenic tanks. These models are based upon quasi-steady-state solutions of the first law of thermodynamics.
The computational fluid dynamic (CFD) model presented herein simulates the twodimensional cross section of a cryogenic tank draining process. The CFD model is developed in generalized curvilinear body-fitted coordinates to allow for a variety of crosssectional shapes. The time-dependent Navier-Stokes equations are modeled for both the cryogenic liquid and the pressurization gas. The interface between the pressurization gas and cryogenic liquid is modeled as a free surface to enable the prediction of slosh wave dynamics. The energy transfer across the interface is calculated, but mass transfer is neglected. To reduce stiffness and decrease the computational time the method of artificial compressibility developed by Chorin 6 is used. The development of the finite difference equations utilized a volume integral procedure as discussed by Lick 7 . The mathematical details of the algorithms development are presented in the Greer reference 8 . Use of trade names or names of manufacturers in this document does not constitute an official endorsement of such products or manufacturers, either expressed or implied, by the National Aeronautics and Space Administration. (fig 14) . This secondary flow pattern is a result of increased flow velocity inside the tank. It is caused by the wall heat flux and the geometry of decreasing tank width in the vicinity of the interface. Calculations with a rectangular geometry revealed no secondary flow patterns.
CONCLUDING REMARKS
A computational fluid dynamics model was developed to support the design, test, and 
